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Bird damage, from sowing to crop establishment, is an important issue for farmers in many parts of the world.
However, reliable and cost-effective solutions remain elusive because management tools and research on the
subject are limited. The spatial variability of damage across landscapes and the adaptative behaviour of birds
create further challenges. Additionally, the issue must be tackled at the landscape scale and involve a variety of
stakeholders with conflicting interests and objectives. We summarize some of the challenges and opportunities
identified to face these difficulties and address four major research directions for operational solutions including
1) crop damage assessment, 2) methods and tools development at the landscape scale, 3) coordination of
stakeholders, and 4) pest bird ecology in agroecosystems. More fundamentally, we address the question of largescale ecological dynamics that can explain changing damage patterns such as the recent observations of
increased damage in Europe. Despite the impact to the agricultural sector, research effort to understand verte
brate pest damage is still modest. We advocate for the creation of networks to share knowledge and feedback and
engages multiple stakeholders, including ecological and agricultural researchers, farmers, and policy makers.

1. Introduction

increases coordination costs and may delay research effort. Additionally,
the inclusion of lethal control tools can be controversial when conser
vation of declining native bird populations is of significance. Thus, the
development of non-lethal strategies is an emphasis for damage reduc
tion tools and methods.
In this perspective paper, we highlight the issue of damage before
and during crop emergence, explore the potential causes of changing
damage patterns, and suggest research avenues based on pest-specific
natural histories. This article continues a work started in a video-call
workshop conducted in March 12, 2019 to share experience about
bird damage to extensive crops and draw guidelines for future

Farmers request research and development to provide solutions to
prevent bird damage from sowing to maturity. In recent years they have
indicated increased damage during crop establishment in Europe and
some regions of the Americas. Few cost-effective solutions are available
for farmers with an acceptable cost/benefit ratio. Moreover, there is a
paucity of human and funding resources devoted to this topic due to
contrasting or conflicting interests, competences, and objectives of
agronomic and ecological agencies. The number of private and public
stakeholders (e.g., agriculture, wildlife conservation, and hunting)
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De Grazio (1978) on bird damage reported damage at maturity (n = 69)
more often than damage at emergence (n = 11). Nevertheless, the
prevalence and severity of damage at emergence may have changed in
recent years. In particular, the damage at emergence was not docu
mented in the international review of bird damage in sunflower by Linz
and Hanzel (1997). Western Europe may be experiencing a reversal of
the priorities, from maturity to emergence, according to feedback from
technicians, advisory services, farmer complaints, and recent studies
(Sausse et al., 2021 in this issue, Lamichhane 2021). Waterfowl damage
has also increased in recent decades in Northwest Europe (Fox et al.,
2017; Montràs-Janer et al., 2019). Bird damage at field crop establish
ment has a direct impact on crop production (e.g., yield losses, reseeding
costs). This impact is caused by the consumption of seeds and seedlings,
but also by soil trampling and puddling in the case of waterfowl (Fox
et al., 2017). Damage also has indirect impacts such as the costs of crop
protection and monitoring and opportunity lost when producers aban
don crops due to risk of bird damage. These indirect impacts were
documented for sunflower in North America (Kleingartner 2003; Klos
terman et al., 2013 for damage at maturity) and reported by farmers and
technicians in Argentina, Uruguay, and France. Removing a crop from
the rotation due to bird damage has potential economic and environ
mental consequences. A restriction in the number of crop species culti
vated is indeed contrary to an agronomic approach that recommends
crop diversification for economic and environmental benefits (Beillouin
et al., 2019).
The reviews that mention damage at crop establishment (De Grazio
1978; Bruggers et al., 1978; Fox et al., 2017) emphasize the low level of
evidence both for qualification and quantification of damage; they use
grey literature in national languages and figures whose origin cannot
always be traced (case reported by Bruggers et al., 1998). The few ref
erences cited in Table 1 are heterogeneous. They come from grey liter
ature, reviews, field studies and analysis of existing databases. They
provide fragmentary information, which in our view is not complete.
The case of damage at crop establishment is less documented than that
of damage at maturity (e.g., economic assessment by Ernst et al., 2019
on sunflower and Klosterman et al., 2013 on sunflower and maize).

collaboration (Annex A). The scope of this article is damage at the
establishment of cereals, pulses, and oilseed crops, caused by birds. In
the first section, we briefly present the prevalence of the issue, the lack
of effective solutions, and the characteristics that distinguish vertebrate
pest damage from other crop protection issues. In the second section we
discuss broad-scale strategies beyond the field that are necessary to
effectively respond to the challenges of damage management. We also
identify knowledge gaps that need to be addressed to implement these
strategies. Finally, we explore some of the difficulties to address this
topic by traditional knowledge areas such as ecology and agronomy.
Even when we focus on bird damage at crop establishment, most con
cepts and strategies, as well as challenges and opportunities, also apply
to damage management from sowing to crop maturity. Finally, the
article deals mainly with tools and methods that can be used by farmers,
without going deep into the essential issues of management at regional
and national level.
2. A situation of concern
2.1. The importance of bird damage at crop establishment
Table 1 summarizes current problems caused by birds in field crops
at emergence in some countries of North and South America and Europe.
Damage before and during crop emergence caused by Corvidae and
Columbidae is a major issue in Western Europe on Spring crops (Table 1),
although other cases are noted on cereals (Sturnidae, Gruidae). Farmers
across Northern Europe may suffer from waterfowl (Anatidae) and crane
(Gruidae) damage on cereals, and in some cases on grasslands (Table 1).
In southern South America (Argentina and Uruguay), Columbidae are the
main nuisance species in emerging crops, although damage by other bird
families (e.g., Anatidae) have been reported in some regions. Due to
various ecological and agricultural conditions across North America
damage at emergence is impacted by a variety of bird families (i.e.,
Gruidae, Anatidae, Phasianidae, Laridae, Alaudidae, Sturnidae, Corvidae,
and Icteridae) and is of concern in numerous crops (Table 1). The damage
period and susceptible stages vary according to pest species and crops.
Damage from Corvidae can occur from sowing to the stage 4–5 leaves
(Thibord and Cabeza-Orcel 2020). Damage from Columbidae occurs
within a short period, one to two weeks after emergence (Sausse et al.,
2021 in this issue). Anatidae may consume green matter as soon as leaves
develop, and the preferred height sward varies among species (Fox et al.,
2017). Damage can be more severe when crops have little compensation
capacity (e.g., maize and sunflower).
Damage at early crop stages has long been recognized but is usually
less reported than damage at crop maturity. The worldwide review by

2.2. Current solutions for farmers are not cost-effective
Eliminating unwelcome wildlife visitors appears to be an obvious
solution for many producers. However, lethal culling operations, when
allowed by local regulation, suffer from many disadvantages, such as
public resistance, cost inefficiencies, and risks to nontarget wildlife (Linz
et al., 2015). Even in the most efficient scenario, lethal management
only provides temporary relief (Linz et al., 2015). Additionally, to apply

Table 1
Main problems encountered in some countries of the Americas and Europe at field crop establishment. The table is not comprehensive. It displays our expertise to
hierarchise and identify problems of bird damage to annual crops (cereals, pulses and oilseeds). All countries may also experience significant problems with other bird
families.
Country

Family

Species

Crop

Reference

USA

Icteridae

Agelaius phoeniceus, Quiscalus quiscula,
Xanthocephalus xanthocephalus
Anas platyrynchos, Anser caerulescens, Branta
canadensis
Antigone canadensis
Eremophila alpestris

Corn, rice, sunflower, grains

Wilson et al. (1989)

Soybean, corn, rice, sunflower,
canola, grains

Soybean, sunflower

Schaible et al., (2005) Conover (1988) Radtke et al.,
(2011) Fleger et al., (1987)
McIvor and Conover (1994) Austin et al., (2018)
Schilinger and Werner (2016) Clark and Hygnstrom
(1994)
Tefft et al. (2005)
Bruggers et al., (1998) Bou et al., (2016)

Sunflower, pulse crops, oilseed
rape, grains
Corn, sunflower, grains

Sausse et al., (2017) Sausse et al., (2021) Lamichhane
(2021) Robin (2011)
Robin (2011) Sausse et al., (2017)

Grains
Barley, wheat
Barley, wheat

Robin (2011)
Montràs-Janer et al. (2019)
Montràs-Janer et al., (2019) Fox et al., (2017)

Anatidae
Gruidae
Alaudidae
Argentina Uruguay
France Switzerland
Italy

Scandinavia, UK,
Netherland

Phasianidae
Columbidae
Columbidae
Corvidae
Sturnidae
Gruiidae
Anatidae

Meleagris gallopavo, Phasianus colchicus
Zenaida auriculata, Patagioneas maculosa,
Patagioenas picazuro
Columba palumbus, Columba livia
Corvus corone, Corvus frugilegus, Corvus
monedula
Sturnus vulgaris
Grus grus
Branta leucopsis Anser anser (and other)
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adaptive management to maintain sustainable wildlife populations
along with damage reduction requires large-scale planning and is
complicated when the distribution and abundance of the target species
varies over space and time, e.g., Runge and Sauer (2017), in the case of
blackbirds (Icteridae).
Several repellents for coating seeds or spraying vegetation have been
evaluated since the 1960s (Clark 1998). Although some repellents have
been tested with success (e.g., anthraquinone for seed protection; Barzen
and Ballinger 2018), other studies show a weakening of the protection
effect when moving from the aviary to the field (Kaiser et al., 2020;
Esther et al., 2013), and specific difficulties for use on seedlings (Esther
et al., 2013). Few repellent products are approved, and the development
of new products may be cost-prohibitive (Eiseman et al., 2011). Thus,
the trend is towards their decline (e.g., no active ingredient is approved
in France on sunflower, only one on corn, i.e. ziram for seed treatment).
Scaring birds is another strategy. Human scaring may be effective
(Simonsen et al., 2016; pink-footed geese, Anser brachyrhynchus), but as
part of a management scheme integrated with subsidies or accommo
dation. Lethal scaring was proven to be effective in the case of the
greylag goose (Anser anser; Månsson, 2017). Visual and/or acoustic bird
scarers are commonly used, but they are time consuming, and their
effectiveness is difficult to assess in the absence of legitimate controls
and robust bird counts and behavioral analyses (Avery and Werner
2017). Farmer feedback indicates that the efficacy of deterrent devices is
variable and tends to decrease when birds become tolerant of the
disturbance (Avery and Werner 2017). However, the use of drones and
the possibility of artificial intelligence will allow autonomous flight to
target the pest species in real-time, reducing labor constraints (Egan
et al., 2020; Klug 2017). Progress is also being made on the improve
ment of audible signals and on camouflaging of emerging seedlings by
cover crops (e.g., barley or faba bean to protect sunflower is under study
in France). A problem raised by these field-scale methods is the possi
bility that the protection of one field may result in a degradation of
neighboring fields, if birds move to adjacent, unprotected fields to
forage. Labor intensity of the tools and methods should also be consid
ered because tool deployment is time consuming and may require a high
level of technical skill to maintain (e.g. Rodriguez et al., 2011). Feed
back on bird management indicates that the solution does not lie in a
silver bullet but rather in an integrated and adaptive pest management
strategy. The design of the strategy depends on the damage scenario,
including the crop, time of season, landscape, and pest species.

of the farmer.
Secondly, birds have cognitive abilities that enable them to interpret
and adapt to their environment. It takes them little time to understand
that sound scaring is not dangerous (Bishop et al., 2003), or that re
pellents do not make the seeds inedible (Werner et al., 2010). The
effectiveness of preventive measures is therefore variable over time
(days or even hours). Additionally, in the mid- and long-term, birds can
respond to changes in food sources at landscape scale, which may call
into question prevention strategies developed in a supposedly fixed
landscape context.
Finally, crop damage is not evenly distributed with a small number of
heavily attacked fields, and several fields with no or low damage
(Klosterman et al., 2013; Canavelli et al., 2014; Sausse et al., 2021 in this
issue). Damage also varies between years, probably in relation to the
abundance and distribution of pest species with regional changes in land
use/land cover and climatic variables (Calamari et al., 2019; Forcey
et al., 2015). The heavy-tailed distribution of risk and the difficulty in
predicting damage severity is a frustrating situation for farmers that may
lead to abandoning vulnerable crops. On the other hand, research needs
to produce reliable estimates of crop damage, bird distribution and
abundance, and to link the variation to environmental variables (e.g.,
landscape features including other crops). Capturing birds in the act of
depredating crops is often difficult to achieve, requiring advanced
methods of surveillance (e.g., game cameras, Dieter et al., 2014, or radar
for large flocks, Clark et al., 2020). In other words, the damage patterns
and their cause make studying bird damage data intensive and costly,
which in turn reduces the available knowledge for applied solutions.
3. Challenges and opportunities for advances
3.1. Concepts and strategies for an approach beyond the field scale
Understanding why and how birds consume crops is essential for
designing and testing cost-effective damage prevention methods. Bird
damage is the result of processes operating at nested spatial and tem
poral scales, following a classical “hierarchical principle” in ecology
(Allen and Starr 1982). Clergeau (1995) and Fox et al. (2017) applied
this principle to bird damage, respectively in the case of European
starling (Sturnus vulgaris) and waterfowls. It is important to consider
three scales at which birds make choices: 1) regions occupied across the
avian annual cycle, which will determine a pool of birds likely to cause
damage, 2) the landscape in which they select roost sites and daily
foraging grounds including crop fields, and 3) the fields where they
forage. Field-scale methods are rarely effective and could be detrimental
to neighboring fields. Regional planning (population and habitat man
agement) requires the involvement of different actors on the long term.
From the farmers point of view, the intermediate scale of the landscape
seems to be particularly relevant for planning damage prevention during
the cropping season.
In terms of the energy needs of birds, it is possible to establish several
non-exclusive prevention scenarios at the landscape level, without
population regulation. The daily consumption of plants results from the
meeting between a supply of food resources, cultivated or not, and the
daily bioenergetic demands of birds. The birds solve this energetic
problem by selecting resources according to their relative interests (e.g.,
Peer et al., 2003 for application to blackbirds, Fox et al., 2017 to wa
terfowls). According to this theoretical framework, one strategy of
damage prevention is to increase the availability of a preferred crop in
the landscape, so that it exceeds the population capacity to consume it
(“dilution” of the damage). This can be done by 1) coordinating sowings
in which fields of the susceptible crop reach the same stage at the same
time, 2) by increasing the cultivated areas to dilute damage (e.g. Lindell
et al., 2016 for cherry orchard, Besser 1978 for sunflower). Another
strategy is to sow (or raise seedlings) when other preferred foods are
available or bird demand is lower due to phenology or physiological
demands (e.g., non-migration and non-breeding seasons). The last

2.3. Some biological processes make the problem difficult to solve
Bird damage to crops, whether they occur at crop emergence or
maturity, has three characteristics which make it difficult to quantify
and predict. First, bird home ranges can be extensive (several km2), and
birds spend only part of their time foraging inside crop fields (except for
some farmland bird specialists like Alaudidae, many nuisance species of
concern usually nest and roost outside the fields). Understanding why
some areas are damage trouble spots involves considering the sur
rounding agricultural landscape, but also more distant land cover types
and land uses preferred by birds (e.g., Clergeau 1995). For example,
cities and peri-urban areas have become favourable locations for the
reproduction of wood pigeons (Columba palumbus) in Eastern and
Western Europe, which can then spill over into the surrounding coun
tryside, (e.g., Slater 2001, in England). This phenomenon is also seen in
invasive European starlings (Sturnus vulgaris) in North America (Klug
and Homan 2020). Furthermore, the demography of migratory birds
depends on the management of wintering, stopover, and breeding areas,
which can be distant from each other. These broad scales require the
coordination of various stakeholders who are not accustomed to work
ing together, such as farmers, hunters, wildlife protection associations,
and public authorities governing rural and urban areas. For these rea
sons, the effectiveness of prevention measures on a given field will
depend on the natural and social context, greatly reducing the autonomy
3
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strategy is to make the crop less attractive by dispersing birds with a
combination of frightening devices and alternative food resources
(either sown or semi-natural) to draw the birds away from the protected
crop (Hagy et al., 2008).
Several studies have demonstrated the value of these strategies
through correlative surveys or modelling approaches. However, few
have tested changes in practice. Increasing the cultivated area was
proven to be effective according to observational surveys (e.g., Lindell
et al., 2016; Besser 1978). However, it would produce extra-economic
and environmental costs, depending on the induced changes in pro
duction systems according to local conditions. For example, the crop
rotation makes it possible to increase the area of a single crop in one or
more farms a given year without disturbing the total area of the crops for
several years. But this strategy prevents to benefit, or to guard against,
price fluctuations between years, and maybe detrimental in some cases
to environment (i.e., erosion, biodiversity). Synchronisation of sowing
and sowing at the right time are currently recommendations resulting
from in-field studies and surveys (Klosterman et al., 2013; Klug 2017) or
modelling (Clark et al., 2020). Delaying the planting of rice in the
southern United States reduces blackbird damage given overwintering
flocks have migrated north and dispersed to breeding territories later in
the spring (Wilson et al., 1989). Given the difficulties for coordination
and the fluctuations in weather conditions, coordinated sowing between
farmers is not without difficulty. However, the synchronisation of
emergence would be simpler to achieve than synchronisation of matu
rity because factors impacting the cycle early in the growing season
(Lamichhane et al., 2018) are fewer than the factors impacting the cycle
throughout the whole season. Evading strategies have been imple
mented to avoid damage at maturity in the northern Great Plains of the
US (e.g., decoy crops, Hagy et al., 2008), perennial sunflower for
blackbirds (Linz et al., 2014), and cattail roost management (Linz and
Homan 2011). In Northern Europe, Bavéco et al. (2017) used species
distribution and resource depletion models to design reserves for
waterfowl, offering them alternative resources to crops. This strategy
remains to be adapted to the southern European landscape to prevent
damage from Columbidae and Corvidae at emergence (e.g., sown and
sacrificed strips of sunflower/peas under study in France). Artificial
nests and perches are also possible to attract predators, but to our
knowledge, no tests have been documented in the context of manage
ment of bird damage to field crops, only fruit orchards (Lindell et al.,
2018). In all cases, the implementation of these strategies involves local
spatial optimization. For example, the location of alternative resources
is as important as their total quantity in the managed territory.

always provide information about the absence of damage, which does
not allow to calculate the percentage of damaged fields. Declarations for
insurance may yield more data but their completeness depends also on
the willingness to declare (Montràs-Janer et al., 2019; McKee et al.,
2021). Remote sensing data can be used to locate and quantify damage
to crop caused by vertebrates within fields (Fisher et al., 2019 for wild
pig, Sus scrofa). Private companies already propose such services to
produce data for insurance companies, but it does not solve the problem
of damage imputation without on field expertise. A large-scale deploy
ment would require the treatment of lower resolution data but has yet to
be developed in the case of vertebrate damage (but Sarvia et al., 2020 for
the assessment of damages from hailstorms based on satellite data).
Secondly, the adaptation and implementation of broader scale stra
tegies are hampered by a lack of applied knowledge on the ecology of the
pest birds in agroecosystems. As seen above, the concepts of energy
balance and food selection at different scales are the cornerstones of
strategies at the landscape scale. To make it useful, we need to consider
specificities of agricultural landscapes. These are subject to sudden
breaks (e.g., soil tillage, sowing, crop growth and harvest) at several
times during the year. The efficacy of evading strategies is therefore a
question of timing, all the more than damage may occur on a short
period. It is therefore important to predict bird pressure at the beginning
of and during the growing season, to facilitate farmers decisions at
different time and spatial scales: what is the level of risk this year? When
and where to sow? When and where to scare? This bird pressure depends
on extrinsic factors (landscape characteristics, changes in crop and
natural resources, competitors and predators) and intrinsic factors
(abundance and physiological needs of birds according to their breeding
status). The dynamics of some of these factors are poorly understood, or
at least not easily accessible by farmers and their advisors. They may
have accurate information on farming practices, but much less on nat
ural resources and the status and needs of bird populations. Studies on
this subject require skills in bird population dynamics and ecology, and
data on abundance and phenology. Existing databases from wildlife
agencies, bird protection and hunting associations could be shared for
this purpose. However, this may raise a problem of confidence among
actors because these data are usually produced for private and nonacademic purposes and are possibly controversial when including
damage assessments for compensation or the authorisation of lethal
control. Open data could help, although there are wide variations be
tween countries. But in practice many datasets are not visible through
search engines, and much time is spent in searching datasets, bilateral
agreements, unsupported formats, and pre-treatments.
Another important question is what processes are responsible for the
spatial patterns of crop consumption in the landscape. The problem can
be tackled at the individual scale (e.g., with GPS tracking of birds,
Dokter et al., 2018 for an application to goose). Inter and intraspecific
interactions are also possible, as birds can exchange information on
productive foraging grounds (Ward and Zahavi 1973) and are distrib
uted in space according to their fear of being predated (i.e., “landscape
of fear”; Laundre et al., 2010). The heavy-tailed distribution of damage
may indicate a cumulative process inherent in flocking and roosting bird
species. The number of birds coming to feed on a field would depend on
1) the quality of nearby roosting habitat supporting large number of
birds (e.g. Calamari et al., 2019) and 2) the number of birds that have
already landed indicating to newcomers that the field is suitable for
foraging (Galef and Giraldeau 2001).
The knowledge gap also concerns the sensory ecology and ethology
of birds for food selection at the field scale. For example, farmers and
technicians observe that corvids can detect invisible buried seeds and
then follow the sowing lines. This behaviour can be the subject of two
interpretations. The first one is based on remote detection, which in
dicates the buried seeds, for example, via olfactory signals. The second
interpretation is based on learning: birds associate the passage of a seed
drill and/or the surface condition with the presence of seeds, and their
experience of the geometry of the sowing (parallel lines) enables them to

3.2. Knowledge gaps and recommendations
First, the establishment of a proof of damage, if possible quantified
and monetised, is important for the consideration of the bird damage
issue in public policies and research strategies. Moreover, damage
evaluations (and not only the number of birds), should be reinforced to
assess the efficacy and efficiency of management alternatives applied by
farmers (Jiguet 2020; Fox et al., 2017). Few data are available on the
extent and magnitude of bird damage at field crops establishment
worldwide. Obtaining such data involves solving methodological issues.
It is indeed difficult to obtain correct damage imputation and large-scale
damage quantification simultaneously. The identification of character
istic bird damage symptoms at emergence is more difficult than that at
maturity. This is because pests other than birds (e.g., slugs, moles, voles)
can cause similar symptoms as well as production issues (e.g., incorrect
seed drill settings, low germination rates, and poor soil conditions such
as ephemeral wetlands and salinity). Exclusion nets or time lapse cam
eras may facilitate damage imputation to birds but only on a few fields,
while the heavy-tailed distribution of damage requires data on a large
number of fields to obtain significant assessments at the regional level.
Participative surveys are not totally adapted for that purpose, as only the
farmers concerned by damage wish to engage. These surveys do not
4
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probe to soil for seeds more effectively. The high cognitive performance
of corvids makes this scenario quite plausible (Taylor 2014) but has been
observed in other bird families (Alaudidae) that are not as well recog
nized for their cognition abilities (Schillinger and Werner 2016). From
this perspective, the question is not to know how the birds simply react,
but to know how they learn.
Extensive literature and knowledge about bird species’ biology,
ecology and behaviour, has been generated in Europe on rooks (Corvus
frugilegus; Feare 1974), wood pigeons (Murton 1965), and waterfowl
(Fox et al., 2017), in the USA on blackbirds (Linz et al., 2017; Orians and
Angell 1985), and in Argentina on eared doves (Zenaida auriculata;
Murton et al., 1974) and monk parakeets (Myiopsitta monachus; Bucher
et al., 1991). However, the use of this literature in informing strategies
and tactics to manage bird damage remains limited. Practitioners do not
know how to use this knowledge to inform contemporary management
decisions. We realize that extrapolating conclusions to various conflict
scenarios is problematic due to wide variations between pest species,
target crops, and varying landscapes, especially natural or
human-modified environments (e.g., habitat-species models for farm
land bird conservation should be used locally; Whittingham et al.,
2007). Moreover, historical data may become obsolete if environmental
conditions change, such as climate and land use/land cover (e.g., bird
diets depend on agriculture land cover; Wilson et al., 1999) or if
migratory phenology changes with climate (Buskirk et al., 2009). For
these reasons, it is important to conduct site-specific biological studies
relative to season and year. More importantly, proposing research
questions linking bird ecology and behaviour to the occurrence of
damage and the consequences of management decisions is necessary.
More fundamentally, the origin of long-term changes, like the
aggravation of damage at emergence in Western Europe, remains to be
clarified. There are many working hypotheses: bird demographic change
(e.g., increase of wood pigeon and waterfowl populations in Europe);
exploitation of changing resources corresponding to changes in pro
duction systems (e.g., decline in natural areas and agricultural grass
lands lead farmland birds to exploit crops) or changing agricultural
practices (e.g., earlier sowing dates as observed in South America);
abandonment of chemical seed and soil treatments due to pesticide
regulation (e.g., carbamate insecticides known to repel birds are
forbidden); or weakening of top-down regulation by predators in
connection with hunting practices.

et al., 2020).
Agronomists use the factorial experimentation to provide evidence at
field scale. Testing practices to prevent bird damage involves other
methods, because comparisons “all things being equal” are impossible in
this case. Fields are subject to gradients of bird crop consumption, e.g.,
from the periphery of the fields to their centre (Canavelli et al., 2014).
Furthermore, the effectiveness of a method will strongly depend on
environmental conditions (the number of birds present locally, their
gregarious behaviour, the availability of alternative resources at a
particular time of the year). For these reasons, results under controlled
conditions are difficult to repeat in the field or when moving from the
aviary to the field test. Finally, the heavy-tailed distribution of attacks
requires repeating the experiments on many fields to ensure situations
with enough bird pressure, with subsequent costs. To overcome these
difficulties, it is suggested to work on field networks of very
well-planned case studies, with the collection of data about relevant
environmental variables.
Landscape studies usually rely on surveys and correlative methods.
The output tendencies are helpful to build hypotheses but not sufficient
to build operational prevention strategies and to prove that these stra
tegies are efficient. Testing territorial approaches like those proposed in
the previous section implies defining a control: comparing damage in
other ‘untreated’ territories can be misleading if the environmental
conditions are different. One solution could be to compare trajectories
(i.e., the evolution between years of damage between treated and un
treated territories or treated areas before and after the control is
implemented). Before the test, modelling to assess the impact of man
agement options could be useful (e.g., Clark et al., 2020 for harvest
dates, Baveco et al., 2017 for the dimensions of reserved areas).
This technical analysis brings us to a second obstacle: who can carry
and coordinate such territorial projects? We agree on the fact that there
is not a ready-made formula or directly applicable scheme for all the
situations. Different stakeholders, agricultural farmers, hunters, envi
ronmental protection association members, and governmental agents
(both from agricultural and wildlife agencies), do not always have the
same objectives. Studies on the subject will have to be adapted to the
institutional and sociological context, which may vary between coun
tries. The United States has a dedicated administration (United States
Department of Agriculture, Wildlife Services [USDA-WS]) that can be
called upon by various stakeholders, while the USDA WS National
Wildlife Research Center is tasked with researching methods and tools to
manage human-wildlife conflict. France relies on “co-management”
where the state brings together stakeholders to collaborate on preven
tion strategies and to conduct studies if necessary. Since 2011 Uruguay
has been implementing a public policy to combine resources from the
Ministry of Agriculture and the National Institute of Agricultural
Research (INIA) that includes agreements with the private sector to
develop management tools.

3.3. From fields to managed territories: a need for new methodologies and
institutional arrangements
However attractive on paper, large-scale strategies raise practical
obstacles. Proving the effectiveness of strategies involves collecting data
to link the prevention practices, their impact on bird damage and ac
tivity, and the contextual environmental, agronomic and socioeconomic drivers of damage. The heavy-tailed distribution of damage
makes this monitoring strategy costly because surveys on bird damage
require a large sample of fields. Digital technologies may reduce the cost
of data acquisition at this scale. For example, the satellite Sentinel time
series allow to map the crops and their approximate sowing dates at the
field level (as already proposed by at least one company in Europe and
North America). Moreover, numerous participatory mapping tools
enable peer-to-peer exchange of spatially explicit observations and are
used, for example, for biodiversity projects (e.g., Couvet et al., 2008).
Finally, the traceability of farmers’ practices is being developed for in
ternal regulatory and management needs. In our view, the major chal
lenge lies in the communication between these different layers of data
thanks to common ontologies (i.e. data representation and organization)
and, above all, a sufficient degree of trust between stakeholders in the
territory to share their information. To identify blocking points and
facilitate interactions between stakeholders it is important to involve
social scientists to the research and extension teams in these issues, such
happened with Integrated Pest Management (ENDURE 2010; Heong

3.4. A topic difficult to classify
It seems paradoxical that, at a time when agronomy is addressing the
subjects of agroecology, biodiversity and landscape ecology, research
efforts on bird damage to crops seem globally modest, without consid
eration of possible variations between countries. The subject is singular
and difficult to fit into the classical conceptual frameworks of crop
protection. While other bioagressors (i.e., insects, weeds, and diseases)
are considered detrimental to crops, native birds are often seen through
the issues of biodiversity conservation and ecosystem services and dis
services. From our experience, ecologists, who are often motivated by
species conservation, may not find the topic of bird damage very
attractive or they fear to be involved in a debate on lethal culling.
Agronomists find the topic frustrating, because operational results are
weak when compared with other domains of crop protection. For most
agronomists and decision makers, the pest birds are a problem that they
must live with, willingly or unwillingly, without means of control. The
5
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reason for this paradox probably lies in an in-depth analysis of the his
tory of scientific disciplines, which is out of the scope of this paper. We
can nevertheless propose some explanations from our experiences.
The first argument is practical. The subject is particularly complex
and requires data-intensive methods. The variability of natural phe
nomena cannot be reduced to laboratories or field trials, which chal
lenges agronomists given these methods are usually well suited to work
on other pests and diseases. This argument can now be partially removed
because the lower data cost and the profusion of geographical infor
mation is changing the way we look at landscape.
Secondly, birds are charismatic species, and it is problematic for
citizens and ecologists to classify some of them as “pests” even if in
urban areas some of the negative effects of their presence are admitted.
The debate usually revolves around one question: is it allowed to kill
birds to protect agricultural crops? We consider that this debate should
be shifted from species to agroecosystem management. This holistic
framework does not prohibit the regulation itself but subordinates these
practices to a global analysis and systematic assessments (Jiguet 2020).
It is probable that the recent increase of crop damage at early crop stages
has something to do with the simplification of landscapes, and processes
of biotic homogenization including the decrease of birds of prey. This
fundamental questioning opens a convergence between crop protection
and wildlife conservation (e.g., Cumming and Spiesman 2006), with the
future development of smart solutions far away from a “Kill Them All”
strategy.
Finally, the subject may appear too specific according to agricultural
sustainability issues, and it does not fit into the right boxes of multi
functional agroecosystems. On the contrary, we believe that bird dam
age has systemic and global effects because it is a driver of crop
diversity, with all the impacts that can result from it. We also contend
that a particular and applied topic, such as finding a solution to bird
damage, is more likely to interest local actors than global approaches on
multifunctionality. However, it could be a starting point for other works
at the landscape scale, particularly if it is related with other pest man
agement approaches, such as Integrated Pest Management at the
regional scale (Ehler 2006) or Area Wide Pest Management (Koul et al.,
2008).
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Robin, N., 2011. Dégâts d’oiseaux sur grandes cultures 2 750 agriculteurs témoignent.
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